Amygdala-Hippocampal Volume and the Phenotypic Heterogeneity of Posttraumatic Stress Disorder: A Cross-Sectional Study
The amygdala and hippocampus have been implicated consistently in the pathophysiology of posttraumatic stress disorder (PTSD). 1, 2 While several studies have observed reduced hippocampal volume in PTSD, studies of amygdala volume and PTSD have been mixed. [1] [2] [3] In addition to method differences, one reason for these mixed results is that most structural magnetic resonance imaging studies in PTSD have treated PTSD as a homogeneous entity instead of considering how amygdala volume may relate to its heterogeneous phenotypic expression.
Confirmatory factor analytic studies have revealed that PTSD is best represented by 5 symptom clusters: reexperiencing, avoidance, numbing, dysphoric arousal (eg, sleep difficulties), and anxious arousal (eg, hypervigilance). 4 To our knowledge, no study has evaluated the relation between amygdala and hippocampal volume and this contemporary model of PTSD. Here, we evaluated these associations in combat veterans. Structural magnetic resonance imaging data were acquired on a Siemens Trio TIM 3T (MPRAGE; voxel size 1 × 1 × 1 mm; repetition time, 2.5 seconds; echo time, 2.77 milliseconds; flip angle, 7°). Blinded to the clinical status, image processing and segmentation were conducted using the fully automated Freesurfer recon-all pipeline (http://surfer.nmr.mgh .harvard.edu).
We computed partial correlations between independent variables and amygdala and hippocampal volumes adjusted for total intracranial volume and entered variables with associations at the P < .05 level into a multivariable linear regression analysis using total intracranial volume as a covariate. To evaluate subscales of the Clinician-Administered PTSD Scale associated with volumes, we conducted a post hoc multivariable linear regression analysis (α = .01). Finally, to evaluate interrelationships among variables related to regional volumes, exploratory path analyses were conducted using Mplus version 7.2 (http://www.statmodel.com).
Results | The Table shows sample characteristics and partial correlation results. After adjustment for intracranial volume, Combat Experiences Scale and total Clinician-Administered PTSD Scale scores were independently associated with right amygdala volume. Multivariable linear regression for right amygdala volume showed adjusted R 2 = 0.46 (Combat Experiences Scale: β = −0.27; t = 2.34; P = .02; ClinicianAdministered PTSD Scale: β = −0.24; t = 2.10; P = .04). Post hoc analysis revealed that anxious arousal was independently negatively related to right amygdala volume (β = −0.38; t = 3.33; P = .002); no other symptom cluster was significant (β > −0.08; t < 0.53; and P > .59 for all). The bestfitting model in path analyses showed right amygdala volume mediating the relationship between combat exposure and anxious arousal ( Discussion | This study suggests that reduced right amygdala volume is most strongly associated with anxious arousal symptoms in combat veterans. This finding is consistent with experimental studies linking reduced amygdala volume to stressevoked hyperresponsiveness. 5, 6 Right amygdala volume also fully mediated the relation between combat exposure severity and anxious arousal, suggesting that increased combat exposure may contribute to reduced amygdala volume, which in turn is associated with increased anxious arousal.
While this study was limited by the cross-sectional design and relatively small and predominantly male sample, the results underscore the potential utility of a dimensional approach to evaluating neurobiological factors associated with PTSD. Such an approach may be useful in informing etiologic models, as well as prevention and treatment approaches for this debilitating disorder. The values represent standardized β coefficients. The solid lines represent significant associations; dotted line, nonsignificant association. Right amygdala volume was additionally regressed on total intracranial volume in all path models. Association between combat exposure severity and anxious arousal was significant when right amygdala volume was excluded from the model (β = 0.31; t = 2.22; P = .03). The 95% CI for the association between combat exposure severity and anxious arousal when right amygdala volume was excluded from the model was −0.16 to 0.43; for combat exposure severity and right amygdala volume, −0.10 to −0.52; and for right amygdala volume and anxious arousal, −0.17 to −0.67. 
